Abstract Post-transplant lymphoproliferative disorders (PTLDs) are a heterogeneous group of lymphoid neoplasms associated with immunosuppression following transplantation. Among PTLDs, monomorphic PTLD (m-PTLD) is the largest category; however, its characteristics and survival outcome are not fully understood because of low incidence. This study enrolled 30 adult patients with m-PTLD after kidney-transplantation (KT, n = 17) and hematopoietic stem cell transplantation (HSCT, n = 13) from January 1998 to December 2014. The incidence rates of m-PTLD were 0.74 and 3.63% in the KT and HSCT groups, respectively. M-PTLD patients in the HSCT group were younger and showed earlier onset, with EBV-encoded small RNAs (EBER) more frequently identified. Diffuse large B cell lymphoma (DLBCL) was the main pathological type, and the digestive system was the most extranodal involvement site in m-PTLD after KT and HSCT. Among the 28 patients with DLBCL m-PTLD,the complete remission rate after rituximab treatment was higher than in patients not administered rituximab treatment (P = 0.038). With a median follow-up of 46 months after m-PTLD diagnosis, the estimated 5-year overall survival (OS) was 59.2 ± 9.1% in all patients, and 64.2 ± 11.8 and 52.7 ± 14.1% in the KT and HSCT groups, respectively (P = 0.741). ECOG PS, Ann Arbor stage, and CD68 IHC expression were independent prognostic factors for OS. M-PTLD is a rare but serious complication after transplantation. Ongoing efforts to standardize safe and effective treatment protocols would improve the poor overall survival. The independent prognostic factors contributed to risk-stratified treatment, and might be validated by larger studies.
Introduction
Post-transplant lymphoproliferative disorders (PTLDs) are a heterogeneous group of lymphoid neoplasms associated with immunosuppression following solid-organ transplantation (SOT) and hematopoietic stem cell transplantation (HSCT). The World Health Organization classification introduced in 2008 distinguishes early lesions, polymorphic, monomorphic and classical Hodgkin lymphoma-type PTLD [1] . Among the PTLDs, monomorphic PTLD (m-PTLD) forms the largest category, and is indistinguishable from a subset of aggressive B-cell-and much less frequently T-cell/NK cell lymphomas observed in immunocompetent individuals [2] . The incidence of PTLD varies with the transplanted organ-from 1-2% following HSCT to as high as 10% after thoracic organ transplantation [3] . Meanwhile, the very low incidence of PTLD prevents wellvalidated prospective studies. Although several studies have attempted to retrospectively determine the clinical characteristics and long-term survival outcomes, the heterogeneity of PTLD and variable organ transplantation might disturb accurate analysis and validation of prognostic factors. This study analyzed m-PTLD after kidney transplantation (KT) and HSCT for baseline characteristics and survival outcomes, and identified m-PTLD specific parameters for more definite prognostic prediction.
Materials and Methods

Study Subjects
Between January 1998 and December 2014, a total of 2295 KT and 358 HSCT were performed in Beijing Friendship Hospital, Capital Medical University, Beijing, China. Of these, 30 adult patients were diagnosed with m-PTLD and clinically categorized into 2 groups according to graft types: (1) KT (n = 17) and (2) HSCT (n = 13) groups.
The two groups were respectively assessed for patientand PTLD-related characteristics. Patient parameters included age, gender, graft type, time from transplantation to m-PTLD diagnosis, and age at m-PTLD diagnosis of; PTLD-related indexes were B symptoms, biochemical data (lactate dehydrogenase [LDH] and albumin), Eastern Cooperative Oncology Group performance state (ECOG PS) [4] , Ann Arbor stage at diagnosis [5] , and extranodal involvement.
Telephone survey and outpatient examination were carried out for follow-up every 3-6 months, recording medical history and laboratory data. Follow-up was completed in June 2016.
Diagnosis and Criteria
Diagnostic tissue samples were confirmed by pathologists and classified according to the World Health Organization (WHO) 2008 classification [1] . Immunohistochemical (IHC) staining was performed for CD68 (Dako Cytomation, Carpinteria, CA) to identify tumor-associated macrophages (TAMs), which were counted as proposed previously [6] . Briefly, macrophage counts were estimated in 5 high-power fields (HPFs) (40 9 10 magnification), and averaged. Only tumor-containing areas were analyzed by IHC, and areas containing only necrosis and fibrosis were excluded. Neutrophils were also excluded. The number of CD68-positive macrophages ranged from 5 to 200 cells per HPF. A cut-off of 100 cells per HPF was established to divide the patients into high and low CD68 expression groups, respectively. In situ hybridization for EBV-encoded small RNAs (EBER) was performed using a 30-mer digoxigenin-labeled oligonucleotide probe (Research Genetics, Huntsville, AL) as previously described [7] . Staining was semi-quantitatively evaluated, with 20% used as a cutoff for positivity.
Immunosuppressive Regimens
In the KT group, a calcineurin inhibitor and corticosteroids were provided after transplantation. Both cyclosporine A (CsA) and tacrolimus (FK506) were used, and mycophenolate mofetil (MMF) was added as a primary immunosuppressant from 2001. Use of FK506 was restricted to patients with more than three human leukocyte antigen (HLA) mismatches.
In the HSCT group, short-term methotrexate (15 mg/m 2 at day ?1 and 10 mg/m 2 at days ?3, ?6, and ?11) and CsA were provided to prevent acute graft-versus-host disease (aGVHD) in patients with HLA-matched related donors; intravenous anti-thymocyte globulin (ATG) (total dose 10 mg/kg, rabbit, Sang Stat, Lyon, France, distributed to administered at days -3 to -1), short-term methotrexate (15 mg/m 2 at day ?1 and 10 mg/m 2 at day ?3, ?6, and ?11), cyclosporine A, and mycophenolate mofetil were provided to prevent aGVHD in patients with HLA-haploidentical family donors and matched unrelated donors.
Treatment of m-PTLD
After m-PTLD diagnosis, active treatment was applied to KT group patients, except 1 that was managed with reduction in immunosuppressant (RIS) alone. A total of 12 patients were treated with rituximab (375 mg/m 2 ) combined with cyclophosphamide ? doxorubicin ? vincristine ? prednisone (R-CHOP) chemotherapy; 3 patients were treated by surgery alone and 1 was administered CHOP chemotherapy and surgery. During chemotherapy, immunosuppressant doses were reduced.
For the HSCT group, immunosuppressant doses were first reduced, unless the patients presented active signs or symptoms of GVHD. One patient was treated solely with RIS, and 3 additionally received rituximab (375 mg/m 2 ); one patient was treated with rituximab (375 mg/m 2 ) followed by donor lymphocyte infusion (DLI), while six patients were administered R-CHOP chemotherapy. The remaining two patients were treated, respectively, with CHOP and CHOP like regimen.
Standardize response criteria for m-PTLD patients receiving treatment were proposed previously [8] .
Statistical Analysis
Statistical analysis was performed with SPSS for Windows Version 19.0. The v 2 test or Fisher exact test was used to compare categorical variables. The Kaplan-Meier method was used to assess overall survival (OS), with the Log-rank test used to compare subgroups. The Cox's proportional hazard model was used to assess potential predictive factors. P \ 0.05 was considered statistically significant for all analyses.
This study was approved by the ethics committee of Beijing Friendship Hospital, Capital Medical University, Beijing, China. Informed consent was obtained from all study participants included.
Results
Patient Characteristics
The incidence rates of m-PTLD were 0.74 and 3.63% in the KT and HSCT groups, respectively. Of the 17 patients in the KT group, the organs were received from 1 living relative and 16 deceased individuals. Of the 13 patients in the HSCT groups, donors were related haploidentical (n = 11), matched-unrelated (n = 1) and matched related (n = 1) individuals. After HSCT, the incidence of m-PTLD was 6.4% (11/172) in haploidentical, 1.1% (1/89) in matched-unrelated, and 1.0% (1/97) in matched related HSCT (P = 0.027). Overall, median age at transplantation, gender, time from transplantation to m-PTLD diagnosis, and age at m-PTLD diagnosis in the KT and HSCT groups are summarized in Table 1 . Median age at transplantation was reduced in the HSCT group than the KT counterpart (29.2 vs. 52.8 years old, P = 0.014). Median times from transplantation to m-PTLD were 84.3 and 2.5 months in the KT in HSCT groups, indicating a significant difference between the two groups (P = 0.001). Median age at m-PTLD diagnosis was reduced in HSCT than in KT patients (29.4 vs. 56.5 years old, P = 0.010).
Disease-Related Characteristics
B symptoms, biochemical data (lactate dehydrogenase [LDH], albumin), ECOG PS, Ann Arbor stage, and extranodal involvement in the KT and HSCT groups are summarized Table 1 . B symptoms occurred in 4 (23.5%) and 12 (92.3%) patients of the KT and HSCT groups respectively (P = 0.001).
Lymph node involvement occurred in 4 (23.5%) and 10 (76.9%) patients in the KT and HSCT groups, respectively (P = 0.009); digestive system involvement was found in 7 (41.2%) and 6 (46.2%) in the two groups, respectively. Skin and soft tissue involvement occurred in 4 (23.5%) and 2 (15.4%) patients in the KT and HSCT groups, respectively; respiratory system involvement was found in 1 (5.9%) and 2 (15.4%), respectively. Urinary system involvement occurred in 1 (5.9%) and 1 (7.7%) patients in the KT and HSCT groups, respectively. Other systems involved were the central nervous (3 patients in the KT group) and reproductive (1 patient in the KT group) systems. Images of extranodal involvements are shown in Fig. 1 .
Pathologic, Immunophenotypic, and in situ Hybridization Features
According to the 2008 World Health Organization (WHO) classification, all patients were diagnosed with diffuse large B-cell lymphoma (DLBCL) in the KT group; 11, 1, and 1 patients were diagnosed with DLBCL, NK/T cell lymphoma, and peripheral T-cell lymphoma-not otherwise specified (PTCL-NOS) in the HSCT group, respectively. EBER was positive in 6 patients (35.3%) and 13 patients (100%) of the KT and HSCT groups, respectively (P = 0.001). High CD68 expression in IHC was presented in five and eight patients of the KT and HSCT groups, respectively (P = 0.138). In situ hybridization data for EBER and CD68 IHC are shown in Fig. 2 .
Therapeutic Outcome
After treatment, 12 patients had complete remission (CR), and 5 obtained progressive disease (PD) in the KT group. Among the 12 patients, 2 received second line chemotherapy and radiotherapy for recurrence after 10 and 15 months, respectively; 1 patient had stable disease and the other had complete remission again. Meanwhile, 8, 3 and 2 patients had CR, partial remission (PR), and PD in the HSCT group. Of the 28 patients with DLBCL m-PTLD,CR rates were 81.8% (18/22) and 33.3% (2/6), respectively, in patients administered rituximab and those without rituximab treatment, respectively, indicating a significant difference between the two groups (P = 0.038).
In the KT group, 17 patients were followed up for a median of 50 months (range: 1-189 months), with 11 survival and 6 survival and death cases, respectively, after m-PTLD diagnosis. The main causes of death were m-PTLD (n = 4) and infection (n = 2). In the HSCT group, 13 patients were followed up for a median of 39 months (range: 1-130 months), with 7 survival and 6 survival and death cases after m-PTLD diagnosis. The main causes of death were GVHD (n = 2), infection (n = 3), and leukemia recurrence (n = 1). With a median follow-up of 46 months (range: 1-189 months) after m-PTLD diagnosis, the estimated 5-year overall survival (OS) rate was 59.2 ± 9.1% in all patients, and values of 64.2 ± 11.8 and 52.7 ± 14.1% were obtained in the KT and HSCT groups, respectively, with no statistically significant difference between the two groups (P = 0.741) (Fig. 3) .
Determination of Risk Factors for OS
Among the 30 patients, the 5-year OS of patients with ECOG PS C 2 at m-PTLD diagnosis was lower than that of individuals with ECOG PS \ 2 (P = 0.005) by univariate analysis. Similar results were found for elevated LDH (P = 0.026), hypoalbuminemia (P = 0.037), Ann Arbor stage III/IV (P = 0.010), and high CD68 expression assessed by IHC (P = 0.002). Multivariate analysis showed that ECOG PS, Ann Arbor stage, and CD68 expression were associated with OS (P \ 0.05). These findings suggested that ECOG PS, Ann Arbor stage, and CD68 expression were independent prognostic factors for OS in patients with m-PTLD (Fig. 3) .
Discussion
In this study, the characteristics of m-PTLD after KT and HSCT, including clinical and histopathological features, therapeutic response, and disease prognosis, were analyzed. Although many PTLD types have been reported, only m-PTLD was selected in this study for two major reasons. First, the diagnosis of m-PTLD fulfills the histopathological criteria of lymphomas in immunocompetent hosts, so that m-PTLD characteristics after KT or HSCT could be compared with previously reported lymphoma states. Second, m-PTLD is analyzed with some variables used for lymphomas, which helped build a specific m-PTLD prognostic index. Despite the limitations KT kidney-transplantation, HSCT hematopoietic stem cell transplantation, Tx transplantation, m-PTLD monomorphic post-transplant lymphoproliferative disorder, LDH lactate dehydrogenase, DLBCL diffuse large B-cell lymphoma, NK/T NK/T cell lymphoma, PTCL-NOS peripheral T-cell lymphoma not otherwise specified, EBER EBV-encoded small RNAs of a retrospective study, with heterogeneous treatments and long-term follow-up period during which diagnostic techniques and treatment options may change, the clinicopathological characteristics and survival outcomes in m-PTLD after KT and HSCT were precisely described. The current study aimed to comparatively analyze the characteristics of m-PTLD between KT and HSCT. The incidence rates of m-PTLD were 0.74 and 3.63% in the KT and HSCT groups, respectively. In HSCT patients, haploidentical HSCT had a higher incidence compared with matched related and unrelated HSCT (P = 0.027). Based on large transplant registries and small sample size singlecenter retrospective analyses, PTLD incidence seems to be highest in haploidentical HSCT (up to 20%), followed by kidney (1-1.5%), and matched related and unrelated HSCT (0.5-1%) [9, 10] . Median age of patients who underwent HSCT was reduced compared with the KT group (P = 0.014), as well as median time from HSCT to m-PTLD (P = 0.001). Therefore, median age at diagnosis of post-HSCT m-PTLD was significantly reduced compared with that of post-KT m-PTLD patients (P = 0.010). This might be caused by host immunity and the tendency of using immunosuppressive agents in all transplantation settings. In HSCT, the profound T cell-depleting conditioning regimen leads to lack of EBV-specific T cells, hence the often impressive and rapid growth of an EBV ? clone, even within the first weeks [11] . Therefore, PTLD after HSCT is almost exclusively of donor origin and develops during the first 6 months after transplantation. Because immune reconstitution occurs in the first 6-12 months, and oral immune suppression can often be stopped, late PTLD is rare after HSCT. On the contrary, preserved early host immunity and inevitable long-term use of immunosuppressants with the aging process may cause late-onset PTLD in post-KT patients.
As the gold standard, EBER is recommended to determine EBV association in every biopsy sample [12] . EBER incidence in HSCT was higher than in KT (P = 0.001), and all patients diagnosed with m-PTLD in the HSCT group were EBER positive. In HSCT, conditioning regimens lead to compromised T cell function, and EBV ? -clones grow impressively and rapidly, which explains why PTLD after HSCT is always EBER positive [11] . In this study, survival rates showed no statistical significance between EBER positive and negative individuals. In a recently published analysis of 70 patients included in the international multicenter prospective phase II PTLD-1 trial, EBV association was also not shown to be a significant factor for overall survival or time to progression [13] . In classic Hodgkin lymphoma and follicular lymphoma, a high content of TAMs assessed by CD68 IHC was shown to correlate with inferior outcome [14, 15] . Meanwhile, their association with prognosis in diffuse large B-cell lymphoma (DLBCL) remains controversial [7, 16] . No report focused on the relationship between TAM levels and PTLD prognosis. Multivariate analysis in this study showed that CD68 IHC expression was a significant independent predictor of OS in m-PTLD. This finding firstly demonstrated the prognostic role of TAMs in m-PTLD.
This study indicated that the prognosis of transplant recipients with m-PTLD was still poor, with a 5-year survival rate of 59.2%; this was similar to those reported by Lawrence R et al. who found a 5-year survival rate in B-cell m-PTLD patients of approximately 53%, and Vahid Pourfarziani et al. who observed a 5-year survival rate of 59% in m-PTLD recipients after KT [16, 17] . Although most deaths were associated with progressive disease, up to 60% of patients would eventually die from unrelated cause (mainly infections), emphasizing the vulnerability of transplant patients, even in complete remission. In the last decade, several prognostic indices, including advanced age, advanced disease stage, poor performance status, elevated lactate dehydrogenase, CNS invasion, and hypoalbuminemia, were shown to negatively affect prognosis in PTLD by different trials [18] [19] [20] [21] [22] . In this study, advanced disease, poor performance status, and high CD68 by IHC were associated with poor prognosis in m-PTLD after KT and HSCT.
In summary, this study assessed clinical and histopathological features, as well as therapeutic response and prognosis of m-PTLD after KT and HSCT. Discrepant characteristics of m-PTLD according to the transplantation type were found, although OS was not significantly different. EBER was not a significant predictor of survival. Advanced disease, poor performance status, and high CD68 were associated with poor prognosis in m-PTLD after KT and HSCT.
